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Abstract 
This thesis consists of three essays. In the first essay, we examine the relationship 
between impatience and equilibrium determinacy. We find that regardless of the type 
of monetary policies, the endogenous discount factor does have effects on the 
stability property of the economy. 
In the second essay, by adopting the Calvo sticky price model with exogenous capital, 
we use the non-separable utility function and we find that indeterminacy can happen 
when the elasticity between interest rate and inflation rate is greater than one under 
the current-looking interest rate rule. Determinacy can happen when policy is passive 
under backward-looking interest rate rule. 
In the third essay, we do some calibration by using the model given by Huang and 
Meng (2007). Our result is that determinacy usually happens under the case where 
the interest rate reacts aggressively to the forward inflation rate or when the interest 
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Essay 1. The Effect of Impatience on Determinacy 
1.1 Introduction 
When it comes to the relationship between interest rate rules and macroeconomic 
stability (or equilibrium determinacy), a well-known result is that an active monetary 
policy, where the percentage change of nominal interest rate with respect to the 
percentage change in inflation is greater than one, often gives out the uniqueness of 
equilibrium, on the other side, a passive monetary policy, where the percentage 
change of nominal interest rate with respect to nominal inflation rate is less than one, 
leads to indeterminacy and expectation-driven fluctuations.' 
Other authors such as Benhabib et al. (2001) and Dupor (2001) argue that the effect 
of a particular monetary policy on the macroeconomic stability depends crucially on 
the way in which money enters preference and production function. By adding 
endogenous investment to the neoclassical flexible-price models, Meng and Yip 
(2004) show that with inelastic labor supply, under both active and passive monetary 
policies, there exists equilibrium determinacy. Fujisaki (2008) shows that the 
forward-looking and the active current-looking rule of interest rate control can 
generate determinacy, and indeterminacy tends to hold under the passive 
current-looking rule. 
However, most of the previous work takes the rate of time preference as a constant 
which is quite different from the empirical result which shows that the rate of time 
preference is closely related to the individual income level, and a statistical result in 
Hausman (1979) and Lawrance (1991) is that the rich are more patient. Meng (2006) 
1 See, for example, Leeper (1991)，Rotemberg and Woodford (1997), Clarida et al. 
(2000). 
1 
considers the case where the discount factor is linked with the social average 
consumption and production. Actually, the rate of time preference may be related 
with the individual consumption, total income, average consumption habit, average 
capital holdings and so on. But, here, we focus on the average social level to examine 
its effect on the macroeconomic stability. 
In this essay, we mainly follow Meng and Yip (2004) to study how impatience affects 
determinacy. We postulate that individual agents' time preference depends on the 
economy-wide average consumption, average income and average real money 
balances, and explore the equilibrium determinacy under the current-looking interest 
rate rule. One common assertion is that individuals concerning about their 
consumption relative to others' tends to raise their consumption as they try to "keep 
up with the Joneses." That is to say, the individual cares not only about his own 
consumption but also the others'. The social norms usually have an influence on 
others. Especially, for the young people, most of them just want to consume the same 
kind of goods as others in peer. 
The structure of the essay is as follows. Section 1.2 develops the basic model and 
performs determinacy analysis. Section 1.3 concludes. 
1.2 The model 
The economy consists of a continuum of identical household-firms with unit mass, 
each of whom maximizes his lifetime utility: 
exp[- r P ( C v ) d v ] d t 
JO JL) 
where p denotes the rate of time preference, c^ consumption, m彳 real money 
balances, Q denotes the economy-wide average level of consumption at time v, 
F denotes the economy-wide average level of current income at time v, M^ 
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denotes the economy-wide average level of money balances at time v. All of them 
are assumed to be exogenous to the agent. The utility function u(.,.) is strictly 
increasing and strictly concave, and both its arguments c and m are normal goods: 
c^c^ m < u^ji^ -u^^u^ < 0. Consumptioii and money are Edgeworth 
complements: . For convenience, we assume that labor supply is inelastic. 
In addition to money the household can also hold nominal bonds and physical capital. 
The nominal bonds pay the nominal interest rateR^ > 0 . The household's budget 
constraint is given by 
c^+m,+b,+k, ={R, -TT 丨、b丨”丨-7r,m, -t, 
where k^  is the stock of capital,少，the income from production, r, real 
lump-sum taxes, ；r, the inflation rate. The production function 少，=/(々 ,）is 
strictly increasing and strictly concave: /'(々 ,）> 0 > /"(/ : ,) . 
For the government side, we assume that monetary policy takes the form where the 
nominal interest rate is set as a non-decreasing function of the inflation 
nde: = R(/r丨）.灭O,) is continuous, non-decreasing and strictly positive and 
^ 1 • The government budget constraint is: 
A 二 ( 及 , 一 冗 , ) 、 - 冗 , 历 厂 V 
From the consumer's budget constraint and the government's budget constraint, we 
get the goods-market equilibrium condition: 
k,=y,-c,=f(k,)-c, (1.1) 
If we let the household's total real wealth as a, the budget constraint 
can be changed into the following form: 
么 二 (R, +y, -(R, 一 c, -T, 
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The optimal conditions are obtained by setting up the present-value Hamiltonian 
function is 
H = u{c^,m^)exp[- f )dv] 
Note that in e q u i l i b r i u m = , The optimal conditions are: 
( c , , ) e x p [ - Mv)dv] = (1.2) 
奶 ( 1 . 3 ) 
f'(k,) = R,-7r, (1.4) 
• 犯 ru ^ n q 
da 
—f[/?�-;r � Wt 
lime * a^ =0 (1.6) 
where ju^  is the costate variable associated with the household's instant budget 
constraint. 
If we let exp[ ' ^ K ^ ^ v ^ ^t ‘ then above equations that are related with 
Jo 
jUt can give out: 
Wc(c,，m,) = /l, (1.7) 
i,=[/7(c,，},，m,)-(/?,-;r,)W (1.8) 
The final equations that describe the system are (1.3), (1.4)，(1.7), (1.8). Actually 
they are the same as that in Meng and Yip (2004) except we now have an 
endogenous discount factor, since we have assumed that the rate of time preference is 
dependent on the social average level of consumption, income and money. 
Equation (1.4) implies that f'{k^) + ；r, = . 
By using implicit function theorem and assumption R'{7r,) ^ 1 , we can write 
TT, = 7r{k,), where 7r'{k^) =-f"/(\-R'). Then, from equations (1.2) and (1.3), c,, 
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dc/dA^ (u讓-及J / A < 0 , dm/dX = UccR —"肌 M < 0， 
dc/dk : XR'u^J\k)/[A(1 -iO], dm/dk = -XR'u^J'\k)/[A(l-R')] 
and 
Finally, we get the following two dynamic equations 
(1.1) 
i ^ = M p ( c , , y „ m , ) - f ' i k , ) ] (1.11) 
Linearing above two equations at the steady state {A\k*), we have 
U/J U/ J 
where the matrix A is given by 
, f f ( k ) - c , -c, ] 
A 二 
_ + Pyf'ik) + p j n � f " { k ) ] + pjn,)) 
Evaluated at the steady state: \ ：入=k*. 
The determinant and trace of the matrix are 
det(^) = + p^m, " c j \ k ) ] 
HA) = f X k ) M P C C , + pjn,) 
Determinacy requires that the determinant of the matrix is negative. Clearly, without 
further assumptions, it is impossible to get a detail explanation about the effect of 
discount factor on equilibrium determinacy. 
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We next consider several special cases. 
Firstly, \{p{c,y,m) = p, that's, the discount factor is a fixed number, the determinant 
and the trace become 
det(y^) = -c,Xf\k) < 0 
tr{A) = f'(k)-c,. 
They are the same as that obtained in Meng and Yip (2004). The economy faces 
determinate equilibrium no matter what kind of the interest rate policy. 
Secondly, if we letp^ = 0 , that is, the social average real money holdings have no 
effect on the consumer's preference. Therefore, determinant and trace are: 
det(^) = A[f(k)(p^c,+c,p^)-cJ"ik)] = 
Determinacy happens only when f\k){p^ + Py)- f"{k) > 0 which implies that 
Py> f" I f' , meaning that p�— Py cannot be infinitely negative, it's a 
relationship showing that there is a lower bound for the consumer to defer the 
consumption with respect to the society consumption and the social level of living 
standard. 
Thirdly, we consider the case where py=Q, which means that the rate of time 
preference does not depend on the social average consumption and production level, 
but just on the social average wealthy level. The basic reason is that sometimes the 
representative consumer just wants to catch up with the Jones. ^  
Reduced determinant and trace are: 
d e t ( … = - p^ - cj\k)] 
A ( 1 — K ) 
2 This is sometimes referred to as 'jealousy' effect. See Shi (1999), Dupor and Liu 
(2003). 
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If > 1, p爪 > 0, then det( J ) < 0, there is determinacy. It means that equilibrium 
determinacy happens under active monetary policy, and the more money the 
consumer has, the less impatience he is. A possible explanation is that the consumer 
has a positive attitude toward future, based on the today's money holding, he can 
expect more fortune in the future. Under this case, the society's living standard is like 
a public good that yields a positive externality to the household's utility. A result 
consists with empirical evidence of Hausman (1979) and Lawrance (1991). They 
show that to get indeterminacy, the wealthy should be less impatient. See also Becker 
and Mulligan (1997). 
However, we can see that under passive monetary policy, determinacy can also 
happen regardless of externality effect on consumers. The sufficient condition is that 
< Pm ^ ~ + 匚义/〃(幻，which is slightly different from the general 
A(1 — R ) 
form: f\k){p^c, + pjn, + ) < p^ 一兒)+〔义/"(介） . 
Finally, we have the following proposition which is slightly different from that 
obtained in Meng and Yip (2004). 
Proposition: Evaluated at the steady state, no matter what kind of the monetary 
policy, if max[f'{k)p^m,，f\k){p^c, + )] < p^ ^^^ _ 兒）+ c j \ k ) , we 
have equilibrium determinacy around the steady state. 
Actually, the above proposition shows us that the effect of p^ and p^ on 
consumer's preference is less weighted in ensuring real determinacy when compared 
with that induced by social average real money balances. 
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1.3 Conclusion 
In this essay, we consider the case where the discount rate is a function of some 
social average level and we conclude that the monetary policy and the consumer's 
patience together decide the equilibrium property of the economy which is different 
with that given by Meng and Yip (2004), who show that under both active and 
passive monetary policies, we face a macroeconomic stability. However, the rate of 
time preference can also just depend on the consumption and output, and individual 
consumption and average income, see Obstfeld (1990) and Meng (2006). Drugeon 
(1996a, 1998) constructs a model with the discount rate depending on the individual 
and social variables. 
Under such a continuous time model, finding the impact of the interest rate policy 
on real determinacy is hard if the monetary policy is a function of some other 
variables such as consumption, investment, production, etc.. Meng and Yip (2004) 
discuss the case where the monetary policy is a function of inflation rate and capital. 
They conclude that there is no effect on determinacy when the capital is incorporated 
into the monetary policy. However, we can see that if using the discrete model, an 
analytical or numerical result can be attained under the case where some factors like 
consumption and future inflation rate are incorporated into the monetary policy. 
Based on our results given above, if the monetary authority wants to ensure 
stability by adopting interest rate rules, it is necessary to know the effects of social 
average parameters on impatience. Hence, under this endogenous discount factor, it 
should give little guide to the authority in predicting macroeconomic stability. 
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Essay 2. Determinacy under Non-separable Utility 
2.1 Introduction 
In the impatience part, we just assume that the interest rate policy is a function with a 
single variable - inflation rate and under this presumption, we check its effect on 
macroeconomic stability. Actually, just as Taylor (1993) claims, the interest rate 
could be a function of both inflation rate and some other variables. To avoid real 
indeterminacy the central bank should respond aggressively to either expected 
inflation, see Bemanke and Woodford (1997), Clarida, Gali, Gertler (2000), or 
current inflation, see Kerr, King (1996). By adding capital and investment spending, 
Carlstrom and Fuerst (2005) in a discrete model demonstrate that essentially all 
forward-looking rules are subject to local indeterminacy, and that a sufficient 
condition for local determinacy is for the monetary authority to react aggressively to 
current movements in inflation. Hence, in the second essay, we check the 
determinacy under a Calvo (1983) sticky price model by adopting the assumption 
that the interest rate policy is a function of inflation, both the current-looking and the 
backward-looking. This model has been used by so many people to investigate the 
equilibrium determinacy under different assumptions. 
Carlstrom and Fuerst (2005) consider the case where the real money balances and 
consumption are separated and they claim that the necessary and sufficient condition 
for determinacy under current-looking interest rate rule is that elasticity between the 
interest rate and inflation rate is greater than one. 
Fujisaki (2008) concludes that by using a flexible-price model with capital, under the 
current-looking interest rate rule, active policy rule generates equilibrium 
determinacy and indeterminacy can be produced under passive interest rate rule. 
3 See, for example, Carlstrom and Fuerst (2005), Dupor (2001), Xiao (2005), Huang 
and Meng (2007), etc.. 
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However, when consumption and real money are Edgeworth complement, 
indeterminacy can also happen under slightly active monetary rule. 
Benhabib et al. (2001) use a discrete-time model with flexible-price model to 
examine the determinacy property. They find that usually under backward-looking 
rule, determinacy happens under active rule and indeterminacy occurs under passive 
rule regardless the value of the substitutes of consumption and real money. Under the 
current-looking interest rate rule, determinacy relies on the relationship between 
consumption and real moneyes whether they are Edgeworth substitutes or 
complements. 
Usually, for the money-in-the-utility-flinction, it is easier to find the conditions 
leading to real determinacy under the case where the intratemporal substitution 
between consumption and money is zero, that is to say, when consumption and 
money in the utility function is separated. In this essay, by using the Calvo sticky 
price model, with exogenous capital, we investigate the stability property under both 
current-looking and backward-looking inflation rate policies. 
The outline of the essay is as follows. Section 2.2 describes the model and supplies 
detailed analysis for two types of interest rate policies. Section 2.3 concludes. 
2.2 The basic model 
We consider a discrete-time economy which consists of a large number of 
households having a lifetime utility: 
/=0 
where p e (0,1) is discount factor, c, is consumption, M^J P丨 is real money 
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balances and n^ is the labor supply in each period t. We assume that utility function 
takes the following form: 
U�c�,MtJP�,\-n,�= V{c,,MtJP,�-n,. 
The budget constraint is given by 
where n , is the real profit from firms. 
Setting up the Lagrangian function: 
L = ! > [ " ( � , M , + � / / y — ” , ) + A , 严 � - � w , , - c , + n , 
The optimal conditions to the household are: 
u At) 二又, 
u氣又,A.) 
Pt Pt 仏丨 
Rt = A 
M+L 
where ；r, = / denotes the inflation rate. 
For the firms, we follow Yun (1996) and assume that there is imperfect competition 
in the intermediate goods market and perfect competition in the final goods market. 
Final goods are produced by using the constant elasticity of substitution production 
function ” = { 伞，where - 1 , Y, denotes the final good and 乂（/) 
Jo 
denotes the continuum of intermediate goods, each indexed by / e (0,1) . By 
maximizing the profit, the demand for the intermediate good = ~~Y, 
P! 
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where is the nominal price of good i, and P^  is the final goods price. When 
plugged back into the production function, the assumption of perfect competition in 
J 
the final goods market indicates that the final goods price is = { [/^(/)i+�^//}"i+卢. 
JO 
The production function of intermediate firm is taking the constant returns to scale 
form, f {n) = n^. Imperfect competition implies that factor payments are distorted. 
Let z, denotes marginal cost, we have w, = z,/” . 4 The pricing strategy of 
intermediate goods follows Calvo (1983), which gives out the optimization condition 
for price of intermediate goods as 
攻 ( 厂 … \ 几 ， 
y=o 
where 八,+,. denotes the marginal utility of a dollar and l - u is the firms 
Pt+j 
getting to set a new price in each period. The optimal price is a markup over a 
weighted average of marginal costs in the current and future periods during which 
the firm is expected not to have another chance to reset price. See Huang and Meng 
(2007). 
Finally, the two sides imply the following equations: 
点 = (2.1) 
1 � 
R z C ^ 
,+�…, (2.2) 
冗/+丨 � 1 
4 Xiao (2005) gives a detail expression of the value of marginal cost with a more 
general production function. 
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腿 ( 2 . 3 ) 
； = (2.4) 
where A = ( \ - u ) ( [ - p u ) / u . Equation (2.4) is the log-linearized Phillips Curve 
which is got from the prices of intermediate goods and final goods and the aggregate 
price levelP^ = [uP^'^ + (1 - ^ . 
The nominal interest rate rule is R^  = , where r > 0 , y = 0 refers to 
n 
current-looking interest rate rule, j = - 1 refers to the backward-looking monetary 
policy. 
We assume that the non-separable utility function takes the following form： 
[ < ( 令 广 广 
——^ .5 
1-cr 
By using the optimal conditions given above, we have 
U 人 f) = 的 (2.5) 
Pt 
UJt) = … ( ^ 广 “ ) ( 卜 … ( 2 . 6 ) 
Pt 
Then from equation (2.3), we have 
风+丨=1—汉R,. 
P^ a ' 
The resulting equations that characterize the system are: 
广么广 ) (� - ) = 1 
a R, -1 
5 For the separable utility function, Carlstrom and Fuerst (2005) give a necessary and 
sufficient condition for real determinacy with exogenous capital under both 
current-looking and forward-looking interest rate policy. 
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1-丄 
At the steady state: 




(j) a p 
M* 1-a 1 . 
~ - = c 
P a \ - p 
Finally, evaluated at the steady state, the log-linearized system is given by 
(1 + y/)R^ - 升 + crc, - + y 戎 ( 2 . 7 ) 
. 1 
pn^^, (2.8) 
where y/ = - a){\ - a). 
1 - p 
We next consider stability properties under two types of interest rate rules. 
The case under current-looking interest rate rule 
Log-linearize the interest rate policy, we have 
A = r禾 
The system becomes 
+ - — — 几 = — T ^ t ^ ^ t (2.9) 
(7 (7 
元十 1 = 丄 ( 1 一义 F ) 禾 ( 2 . 1 0 ) 
p p p 
In matrix form, it is: 
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卜 \ 卜\ 
� � J � 
丄 昨 一 — ( 1 々 ) ] 、 
where A - 广 广 cr a p 
一(1-cr ) —(1 - A^r ) 
\ P P P J 
The trace and determinant are 
1 A 1 1 
trA = l + [(1 ——)—(i//T +1) - 1 
P P P ^ 
dQtA= [ ( 1 ) —(1 + 0 — 1]. 
P P P cr 
Woodford (2003) shows that equilibrium uniqueness happens if and only if the 
conditions in either case I or case II satisfies: 
Case I: 
det ^ > 1 
dQ{A-trA>-\ 
det A + trA > - 1 
Case II: 
^QXA-trA<-\ 
det A + trA < —1 
We check each condition. 
Case I: 
1 Pl t 1 1 
From det ^ > 1, that's -[(1 - —) —(1+ > 1, 
P P P cr 
The solution is: 
By using det A-trA > - 1 , we have the expression: 
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( l - r ) [ ( l -去 )丄 - 1 ] > 0 . 
P o-
The inequality det A + trA> - 1 implies 
P cr 
where^ i= ( l—4)丄(1 + ^//), = ( 1 - ^ ) 1 ( 1 + 2 0 ， ^ = ^ { \ - a ) { \ - c j ) . 
P <7 P (J \ - P 
The above three inequalities give us the conditions for determinacy: \ ) a and 
ii) O- > 1 , 平 i < l , and \<T<U” iii) a > 1 , and ？ � � 1 , 
1 < r < min(?7�,f/2). 
where U , : 
Case II. 
By solving d^XA-trA < - 1 , we have 
(l-r)[(l—S 丄-1]<0. 
P CT 
From det A + trA<-\, we have 
P ^ 
For the above two inequalities, the conditions for determinacy are:平之�1， 
U^<T<\. 
Therefore, we have the following proposition: 
Proposition: The necessary and sufficient conditions for determinacy under 
current-looking interest rate rule are: i) a ^ I and 平之 < > 1 ; ii) cr > 1 , and 
4^<1，and 中 2 > 1， ^ < T < U , ; iii) o* > 1, and >1, \ <T <mm{U„U,); iv) 
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Note that when <j increases, , ^ ^ also increase, but f / , , U^ decrease. It 
means that when cr increases, the determinacy region becomes smaller. 
Under the given parameter values in table 1 in the appendix, figure 2.1 shows a 
calibration result of the equilibrium property. Note that under given parameter values 
in the appendix, the condition r < 1 has been excluded. Based on figure 2.1, we can 
see that there is determinacy when r > 1, but indeterminacy also exists, which is 
contrary to the Taylor principle. Hence, under current-looking interest rate policy, 
r > 1 is only a sufficient condition, not a necessary condition. For this case, there is 
an upper bound for determinacy and it increases with the degree of stickiness. 
5 1 1 1 7 1 1 ‘ 1 1 ‘ ： 
4 . 5 / 1 
i Indeterminacy / 
1 / ^ 3.5l / ； 
3 ^ / Determinacy — 
/ 






！ Indeterminacy ‘ 
0 . 5 卜 二 
0 I 1 1 I 1 1 1 i ： 
0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7 0 . 8 0 . 9 
V 
Figure 2.1 Determinacy under current-looking interest rate rule when a = 1.04 
Figure 2.2 gives the result when cr = 0.98，under this case, consumption and real 
money is Edgeworth complements. Calibration result shows that r > 1 is a 
necessary and sufficient condition for determinacy. This is consistent with the result 
obtained in Fujisaki (2008) and Benhabib et al.(2001). 
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V 
Figure 2.2 Determinacy under current-looking interest rate rule when a = 0.98 
The case under backward-looking interest rate rule 
/V 
For the backward-looking inflation case, R^ 二 TK“ . 
The system is 
o-c,^ , + 禾 = crc, - Y/TK^ + (1 + IF/)TZ^ (2.11) 
p 元 ( 2 . 1 2 ) 
、、：允丨 (2.13) 
In matrix form, the above system takes the following form: 
/ a \ f � \ 
[ 丨 I [ I 




「1 2 /1 1 、 1 / 1 、 1 r/1 、 义 F i ) 
1 (I-CT--) ——(yr + — ） + + 
P<J P (7 p (J p 
where A = —(1-c r -—) 丄 
P P P P 
0 1 0 
V y 
The characteristic equation for above matrix is 
r > / � 3 2n 1 2 /I 1 � i 1 ri 1 ^ ^ 
P po- p p P o-
Ar , ,1 1、（1 + 外 
P P ^ 
Following Woodford (2003), the necessary and sufficient conditions for determinacy 
can be obtained for the following cases. 
For the characteristic equation P{ju) 二 ju�+ A:// + + A^ 
Case I: 
= 1 + + and P{-\) = -\ +A^-
Case II: 
= 1 + + > 0 , = + and 4 - -h A,-I > 0; 
Case III: 
P(l) = l + A, + A,+A^>0, P(-l) = -l + A,-A,+A,<0, A^ - A^A, + A,-I < 0, and 
We examine case I: 
P(l) = 1 +為+ gives out: 
P cr p 
P(—1) 二-1 + + 4 ) > 0 implies that 
-2(1 + - ) + — ( l - - ) [ l - r ( l + 2 ^ ) ] - - ( l - r ) > 0 . 
p per P P 
The conditions are 
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If 平2>1，T<min( \ ,U , ) ; i f 中2<1, U,<T<1. 
It means that determinacy happens only when T < 1 regardless of the type of the 
interest rate rules. 
For cases II and III, the result mainly relies on the solution from 
a ] - A^Aj + - 1 > 0, which is impossible to have an analytical solution without 
further conditions. Figure 2.3 in the appendix shows a result when cr > 1, where the 
consumption and real money balances are Edgeworth substitutes: U^^ < 0. 
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V 
Figure 2.3 Determinacy under backward-looking interest rate rule when cr = 1.04 
Hence, based on the calibration result in figure 2.3, for the backward-looking interest 
rate policy, r > 1 is a necessary and sufficient condition which is consistent with the 
result given by Carlstrom and Fuerst (2000). They conclude that to ensure 
determinacy the monetary authority should follow a backward-looking rule where 
the nominal interest rate responds aggressively to past inflation rates. However, we 
note that under given parameter values in the appendix, the condition r < 1 is 
deleted because this necessary condition is just one of the three solutions we get from 
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the system. 
Figure 2.4 below shows the property of equilibrium determinacy under cr = 0.98 • 
Note that when cr is less than one, the value of substitution between consumption 
and real money balance U^^ > 0, which implies that consumption and real money 
are Edgeworth complements. For this case, there is also an upper bound when r > 1. 
We can see that under passive rule, determinacy can also emerge. When the policy is 
active, there is also indeterminacy under this backward-looking rule. 
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Figure 2.4 Determinacy under backward-looking interest rate rule when cr = 0.98 
2.3 Conclusion 
In this essay, by adding exogenous capital to the Calvo model of sticky prices, we 
examine the stability property of the economy under the 
money-in-the-utility-function with respect to the current-looking and 
backward-looking interest rate policy. By using the explicit non-separable utility 
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function, we find that indeterminacy can occur under both current-looking and 
backward-looking interest rate rules if the elasticity between interest rate and 
inflation rate is greater than one, which is quite different with that obtained in 
Carlstrom and Fuerst (2005). They claim that usually there is real determinacy under 
both current-looking and backward-looking interest rate rules when the monetary 
policy is active. For the backward-looking interest rate policy, determinacy can also 
happen under the passive policy. 
To assure stability the monetary authority should know clearly the relationship 
between consumption and real money. What kind of interest rate should be adopted is 
decided by the condition whether consumption and real money balances are 
Edgeworth complements or substitutes. 
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Essay 3. Determinacy under Calvo-Style Sticky Price Model 
3.1 Introduction 
In this essay, we use the Calvo model of sticky prices and follow Huang and Meng 
(2007) to do some calibration about economic stability properties under different 
interest rule assumptions. 
Actually, sometimes, the interest rate rule may be taking other forms as we can see. 
Some others have considered the case where the interest rate rule is a function of 
inflation rate, consumption, investment or production. 
By incorporating increasing returns into a standard New Keynesian model with 
capital, Xiao (2005) examines determinacy under four variants of the Taylor rule: 
contemporaneous data rule, forward expectations rule, lagged data rule, 
contemporaneous expectations rule. He finds that with small increasing returns that 
are consistent with empirical estimates, the Taylor principle is not sufficient to 
guarantee the determinacy. Particularly, some level of increasing returns require a 
less-than-one -for -one response of the interest rate rule to inflation to obtain 
determinacy, which is quite different with the result given by Bullard and Mitra 
(2002) who show that in most cases, the Taylor principle is enough to give out 
determinacy under the four variants of the Taylor rule. 
Kurozumi and Zandweghe (2007) consider the case where the interest rate responds 
to both future inflation and current output. They show that the indeterminacy caused 
by forward-looking monetary policy could be overcome which is different from that 
given by Carlstrom and Fuerst (2005). However, Huang and Meng (2007) show that 
letting policy respond to output helps little in avoiding real indeterminacy with sticky 
prices and a capital rental market. 
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As Huang and Meng (2007) have already investigated the case where the interest rate 
policy is a function of the inflation forecast and current output, here we examine 
other cases. 
The structure of this essay is as follows. Section 3.2 describes the model and 
performs calibration analysis. Section 3.3 concludes. 
3.2 The model 
In this part, we mainly discuss different interest rate policy under three backgrounds 
including the case with staggered price only, the case incorporating firm-specific 
capital and the case incorporating staggered wages. The monetary policies take the 
following four forms: forward inflation and current capital, forward inflation and 
current labor supply, lagged inflation and lagged production, lagged inflation. 
3.2.1 With staggered price only 
The basic assumption is that the economy consists of a sticky price model with the 
endogenous investment and a capital rental market. 
There are four basic equations describing the system: 
- 乂 , + 丨 乂 … + 戎 一 C (3.1) 
� / ,+ i = (Skv - 1)C, + (1 - + [(1 一 S)k>, + a]K, (3.2) 
问 一 丹 p,丨-2^p�a_fJt+Xpakt (3.3) 
)^A+�+ rA.^ + r 乂 … = - (3.4) 
The above four equations are coming from Huang and Meng (2007), they are all 
from the first-order optimal conditions. They and our monetary policy describe the 
whole system. We examine what can happen to the equilibrium determinacy under 
different interest rate rule. However, it is impossible to get an analytical results based 
24 
on the above equations, hence, we provide some numerical results. 
a. When the nominal interest rate responds to the expected inflation and current 
capital stock, 
(3.5) 
The above equations can be written in matrix form: 
狀 , + 丨 = 狀 ， 
where K � = ( � , + � , � ’ , + �丸 力 ， 肌 d 
[ a - 1 0 0 1' 
0 0 ^ 0 0 
A= 0 0 0 0 
Xc 0 n 0 
l o - r , 0 0 i j 
' - a 0 0 0 0' 
份厂 1 0 l - a 0 
B =—入pCT 1 入pCC -?ip{ri + a) 0 
-cr Q 0 0 
. 0 0 0 
A A 
In above differential equations, there are three jump variables C,，K^ ^ , N^  and two 
A 
predetermined variables K � R , . Determinacy requires that there are three 
characteristic roots outside the unit circle and two characteristic roots inside the unit 
circle. Under the baseline calibration, the result is: 
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Figure 3.1 Determinacy region under forward inflation and current capital 
We can see that under the baseline calibration, there is equilibrium determinacy only 
in a small region near the place where the elasticity equals 1 which means that 
interest rate should react to the inflation rate slightly to ensure determinacy. 
Generally we have equilibrium indeterminacy. 
b. When the nominal interest rate responds to the inflation forecast and current labor 
supply, equations (3.1) to (3.4) keep the same, only equation (3.5) is replaced by the 
following: 
民-…+\二、位丨 (3.6) 
Under this interest rate policy, matrix A keeps the same as before, there is a slightly 
difference with matrix B，only the third and the fourth elements in the last row 
change. We have the following new matrix: 
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’ - o - 0 0 0 0' 
5k 0 {\-d)k^+a \-a 0 
B= - V T 1 ；ipcc -入p[?l + a � 0 
-G 0 0 0 
V 0 0 0 
Also, to find the determinacy, we need three explosive roots and two stable roots. 
The calibration result is shown in figure 3.2： 
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Figure 3.2 Determinacy region under forward inflation and current labor 
Compared with the case where the interest rate policy is a function of forward 
inflation and current consumption, we can see that determinacy region has expanded. 
It shows that labor input has more weight in producing equilibrium determinacy 
when it is compared with that given by capital stock. However, based on figure 3.2, 
its effect on equilibrium determinacy is still limited. This property is almost 
consistent with that given by Carlstrom and Fuerst (2005), by adopting the Calvo 
sticky price model with investment, they find a necessary condition for determinacy 
under the baseline parameter values is that 1 < r < 1.0057 . The difference comes 
from that they adopt the separable utility function in their model. 
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c. When the nominal interest rate responds to the backward inflation and backward 
production, under the lagged data rule, the interest rate policy is 
戎 = 么 卜 丨 + 这 1 (3.7) 
A A, A /V 
Here, = �A：,."A^,+i，/^,+ i) , from equation (3.7), we scroll it forward a 
period. Thus, expression for is changed with respect to the last element. Finally, 
the matrix under this case is: 
'-cr -1 0 0 0' 
0 0 yt少 0 0 
0 y^  0 0 0 
Yc ^ Yk Yn ^ 
、0 0 0 0 1, 
f - a 0 0 0 -1� 
5ky-\ 0 \ - a 0 
B=-入pCJ 1 义 pa -Xp{ri + a) 0 
- c r 0 0 0 
、 0 T 兀 ar^ 
Under the requirement of three roots lying outside the unit circle and two inside the 
unit circle, the result is illustrated in figure 3.3: 
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Figure 3.3 Determinacy region under the lagged data rule 
The figure shows that the region for economic stability is also quite limited and 
determinacy can happen under both active and passive interest rate rules. 
d. When the interest rate rule is a function of lagged inflation rate, under this case 
with no production, the monetary rule is: 
^ = V ^， , _ i (3-8) 
Matrix A keeps the same as before, the last row in the above matrix B is changed to 
be 0,0,0]. 
Our calibration result can be shown in figure 3.4: 
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Figure 3.4 Determinacy region under the lagged inflation 
Compared with the case under lagged production, the region for equilibrium 
determinacy has been improved greatly. Hence, we can deduce that the exogenous 
production can sometimes prevent macroeconomic stability. We can see that if the 
interest rate rule is passive, the economy is surely stable. 
3.2.2 Incorporating firm-specific capital 
In this part, we abandons the assumption of a capital rental market and instead with a 
firm-specific capital. For more information, see Huang and Meng (2007). Sveen and 
Weinke (2005) also consider such a case and they find that active monetary policy is 
not a sufficient condition for determinacy. 
a. When the nominal interest rate responds to the inflation forecast and current 
capital, R, - r^fc^ = r々足，there are five equations that are the same expression as 
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the staggered price case, but a different ；I , where A = � \ _ 9 p ) ( } - P O p ) _ _ 
Calibration result is given as below: 
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Figure 3.5 Determinacy region under forward inflation and current capital 
Compared with only staggered prices case, the determinacy region has been extended. 
However, we know that the change comes from the change in , actually has 
become 0.156 of the original value under given parameter values. Is it A^  that can 
increase the probability of the equilibrium determinacy? We consider the limit case 
where <2 = 1, hence A广 0 , the production function becomes y = k, a special case of 
the usual function. Under these assumptions, calibration result is showed in figure 
3.5' which tells us that the whole region is equilibrium determinacy under given 
parameter values. It may be an explanation of the relationship between capital and 
determinacy. Carlstrom and Fuerst (2005) consider the case where the production is 
linear in labor (a = 0), their result is that to get determinacy, the necessary and 
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I ^ \ j 
sufficient condition is that l < r < here A is the same as that in 又P P 
staggered price case. However, we can see that under the firm-specific capital, the 
necessary and sufficient condition to find determinacy is still r > 1, which means 
that the central bank should react aggressively to future inflation. 
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Figure 3.5' Determinacy region when alpha is 1 
b. When the nominal interest rate responds to the inflation forecast and current 
labor, k丨-Tjtp = T九 , a l l the equations are the same as the staggered prices 
except an expression for 义口 : 
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Figure 3.6 Determinacy region w.r.t. forward inflation rate and current labor supply 
Based on the figure 3.6, determinacy happens only when the interest rate rule is 
active. The determinacy region has sharply increased compared with all other 
above cases. The reason may be lying in the 义卩,which has the same effect as the 
case where the monetary policy is a function of the forward inflation rate and current 
capital. 
c. When the nominal interest rate responds to the backward inflation and backward 
production, under the lagged data rule, the interest rate policy is 
戎 = 化 ’ 丨 + � t i (3.9) 
The matrix in above part still works. The result is: 
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Figure 3.7 Determinacy region under lagged rule 
This figure is similar to figure 3.3 which is got under staggered prices only, but the 
determinacy region has been expanded than the former case. The reason is that the 
expression for the system is the same, but a different value for 义厂,under the current 
case, it's value has been reduced. 
d. When the interest rate rule is a function of the lagged inflation rate without 
responding to output, the monetary rule is: 
(3-10) 
With this interest rate policy rule, we have: 
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Figure 3.8 Determinacy region under backward inflation rate 
This result is similar to the former case under the staggered prices only. In a word, 
compared with the case under staggered prices, the region for equilibrium 
determinacy has been enlarged. It mainly comes from which surely is smaller 
than that given under the case of the firm-specific capital. 
3.2.3 Incorporating staggered wages 
In this part, the assumption of a homogenous labor skill and a competitive labor 
market are abandoned and it is also assumed that capital rental market is used, just as 
the case of staggered prices only. 
The differential equations are 
(3.11) 
… = ( S k y - + (1 - + [(1 一 S)ky + (3.2) 
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=-义A + -入PA位T + K^^T (3-12) 
( r . - + ( r . - + + (3.13) 
+ PK’T+\ - (1 + " + 人 )式 + 1 二 一 入 J A + ‘ -之 ( 3 . 1 4 ) 
(3.15) 
where X = — ~ ^ ^ ~ " 凡 ) ^ - ~ i s the same as the first part. We discuss the 〜 1 + 队 ， 
economic stability under different monetary policies for these differential equations. 
A. When the nominal interest rate responds to the inflation forecast and current 
A /V 
capital, R 丨 — = '^k^n the system can be changed into the following form: 
从 + 】 = B X , 
where X；^, = ((?,+� ,允一 ,(丨 ,丨 ,w,，丨) 
‘ - a r 厂 1 0 0 0 0 ‘ 
0 0 “ 少 0 0 0 
0 0 0 0 0 
/C-^^ 0 /K YN-^RJ 5 0 
0 /] 0 0 fi - ( 1 + /7 + / I J 
、 0 0 0 0 0 1 
f - a 0 - r , 0 0 0 � 
Sk 厂 1 0 (\-S)k^+a \-a 0 0 
0 1 义„a -A a -A 0 
B 二 p p p 
~ -a 0 - £ q 0 0 0 
-义冰 CR 1 0 - 入 J 1 0 — 1 
、 0 0 0 0 1 0 ^ 
A A 
For above system, there are four jump variables, C, , ；?~，TV, , , two 
predetermined variables Thus determinacy requires four explosive roots and 
two stable roots. 
Calibration result is shown in figure 3.9: 
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Figure 3.9 Determinacy region under forward inflation and current capital 
From figure 3.9, we can see that determinacy happens only under the case where the 
interest rate rule is active, which is different from the former cases. The result given 
under both staggered price only and incorporating firm-specific capital say that there 
is determinacy regardless of the type of the monetary rules. 
d. When the nominal interest rate responds to the inflation forecast and current labor, 
For this case, matrix A keeps the same as before, matrix B changes with respect to 
the first row: [-cr, 0,0, - r " ,0,0], we have: 
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Figure 3.10 Determinacy region under forward inflation and current labor supply 
Based on figure 3.10, we find that determinacy happens when the monetary policy is 
active, but the region for determinacy shrinks compared with above case where 
interest rate responds to expected inflation and current labor. 
c. When the nominal interest rate responds to the backward inflation and backward 
A /V 
production, under the lagged data rule, the interest rate policy is R, 二 r 足 分 " 卜 i + r 少 ’ , 
A. A 
when we scroll it forward a period, we havei?,+i = , together with above 
six equations and substitute the production function, the final system is: 
A /V /V /V 
义 = , 元 p ’ , +� ,火丨 ,"/ + 丨,，乏/ + 丨,尺,+ 1 ) , 
38 
‘ c r 1 0 0 0 0 0 ' 
0 0 众 少 0 0 0 0 
0 J3 0 0 0 0 0 
A= So- 0 5 0 0 
0 0 0 - ( 1 + y^ + A J 0 
0 0 0 0 0 1 0 
, 0 0 0 0 0 0 
• “ a 0 0 0 O O P 
Sk^-l 0 (\-S)k^+a l-a 0 0 0 
0 1 义pa —A 尸 a 0 0 
B = - o - 0 0 0 0 0 
- A v J 1 0 - X j ] 0 — 1 0 
0 0 0 0 1 0 0 
、 0 r , c^r 少 r 少(1-cO 0 0 0乂 
A 
For above system, there are four jump variables, C,,允口“ , TV, , ， t h r ee 
A /V 
predetermined variables K丨，z丨 and R � T h u s determinacy requires four explosive 
roots and three stable roots. 
The result is shown in figure 3.11. 
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Figure 3.11 Determinacy region under lagged data rule 
Under this lagged data rule, we find that there is macroeconomic stability only when 
the interest rate policy is passive and the probability of non-adjust price is less than 
0.44. 
d. When the interest rate rules is a function of lagged inflation rate, under this case 
with no production, the matrix A in above part doesn't change, only the last row in 
matrix B changes into [0, T江,0,0,0’ 0,0], the result is the following: 
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Figure 3.12 Determinacy region under lagged inflation rate 
The whole region under our baseline parameter values is indeterminacy, which 
means that at any given point, the economy will converge into an equilibrium point. 
A result contrast to Carlstrom and Fuerst (2005), they show that in the presence of 
investment activity and price stickiness, indeterminacy of equilibrium is induced by 
forward-looking monetary policy that sets the interest rate in response only to future 
inflation. 
When compared with the result in part C, we can see that "including output in the 
Taylor rule would have only minor effects on the local determinacy conditions". See 
also Calstrom and Fuerst (2005). 
3.3 Conclusion 
In this last Essay for the thesis, by following Huang and Meng (2007), we do some 
calibration when the nominal interest rate is a function of some other variables 
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including consumption, production, capital and also labor. We find that under the 
Calvo sticky price model, the determinacy region is quite limited under the baseline 
calibration. 
Based on the results given above, if the monetary authority wants to assure stability, 
the interest rate rule should be active when it responds to the expected inflation rate 
and it should be passive when it reacts to the lagged inflation rate. 
We mainly check the case where macroeconomic stability properties respond to the 
monetary policy, however, the nominal interest rate may be related with fiscal policy. 
See, for example, Leeper (1991). Benhabib and Eusepi (2005) and Lubik (2003) 
consider fiscal rules in models with sticky prices and capital accumulation. See also 
Fujisaki (2008). Determinacy may be also related to monetary policy in an open 
economy. 6 Perhaps, the next step is how to incorporate the fiscal policy into the 
model to investigate the stability property of the economy in an open economy. 
6 See De Fiore and Liu (2005), Cooley and Hansen (1989), Carlstrom and Fuerst 
(1999) and Zanna (2003) 
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Appendix 
Table 1: Baseline Calibration 
Cost share of consumption ct 0.33 
Cost share of labor P 0.67 
Discount factor P 0.99 
Relative risk aversion in consumption ^ 1.04 
Table 2: Baseline Calibration 
Cost share of capital 0.33 
Discount factor P 0.99 
Depreciation rate of capital 5 0.02 
Intertemporal substitution elasticity of consumption cr 2 
Relative risk aversion in labor hours ^ 10 
Probability of non-adjustment in price 0.57 
Elasticity of substitution of differentiated goods £y 11 
Elasticity of investment to capital ratio w.r.t. Tobin's q ^^  3 
Elasticity of substitution of differentiated skills 4 
Probability of non-adjustment in wage 0.75 
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